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Generalized AA-Amyloidosis in Two Hares (Lepus europaeus) Immunohistochemically
Identified Using Poly-and Monoclonal Antibodies 0. GEISEL AND R. P. LINKE Few cases of amyloidosis in hares have been de~cribed:~ seven cases in two female and four male adult hares out of 550 autopsied hares and in a separately received liver sample-(all animals were emaciated, one showed purulent metritis, and two had severe trichostrongylosis);' an incidental finding of amyloid in renal glomeruli and interstitium (liver and intestine were free of amyloid, although the animal had chronic enteritis due to coc~idiosis);~ and another case, in which Krause detected severe amyloidosis in the liver of an emaciated hare.5 In the latter two cases, no underlying lesion was detected. Investigations showed amyloid deposited mainly in the spleen, liver, kidneys, and adrenals, and, in one hare, in the intestine as well. We report here two further cases which we have immunohistochemically classified.
Case 1
A male adult hare, found dead, was emaciated and had firm congested liver, small white foci in kidneys, uremic gastritis, lung edema and emphysema, and hyperemia of the tracheal mucosa. There was also a chronic inflammatory focus of 0.5 cm in diameter in the tongue. Histological investigation showed that this focus was induced by a foreign body and showed thrombosis in a large adjacent vessel. Amyloid was mainly in kidneys, with large amounts in glomeruli and renal interstitium. Spleen and adrenals were not enlarged, but histologically, masses of amyloid were seen in the red pulp of the spleen and in the cortex of the adrenals. Foci of amyloid were seen in the liver (walls of veins, arteries, and bile ducts), submucosa of tongue, large bronchi, and walls of blood vessels of heart and skeletal muscle. No amyloid was found in testes and diaphragm. The cause of death was uremia due to massive obstruction of glomeruli by amyloid deposits.
Case 2
A male adult hare, found dead, had serous atrophy of fat, diffuse uremic gastroenteritis, hypertrophy of liver and spleen, and lung edema. Histological analysis revealed generalized amyloidosis. Aniyloid was in renal glomeruli and interstitium, interstitium of the liver, spleen reticulum, adrenal cortex, and walls of numerous blood vessels in different localizations. Strongylid eggs, masses of coccidia, and many trichurids were found on parasitological examination. Histologically, capillaria eggs were also detected in liver parenchyma with no inflammatory reactions of the tissue. Death was attributed to uremia due to renal insufficiency, a result of amyloid deposition in the glomeruli.
Immunohistochemical identification of amyloid deposits was done using indirect and unlabeled immunoperoxidase techniques described previo~sly.~,~ Polyclonal antibodies directed against amyloid A-protein (AA) of various mammals8 and monoclonal antibodies against human AA mc 1, mc 46 were used ( Fig. 1 ; Table 1 ). Since antibodies against hare amyloid are not yet available, immunohistochemical cross- reactivity based on the evolutionary preservation of the AAmolecule was used.8
Hare amyloid cross-reacted with human and, in one case, with bovine AA-amyloid. Borderline reactivity was seen with murine and, in one case, with stone marten AA, while no cross-reactivity was seen with hamster, canine, or, in one case, with bovine AA. In addition, one monoclonal antibody against human AA (mc 4) strongly reacted with hare amyloid while the other (mc 1) did not. Controls included (a) an antiserum against human AA-amyloid, (b) omitting either the first, or (c) the second antibody. No staining was seen.
These findings demonstrate several points. Cross-reactivity of anti-AA antibodies allows diagnosis of AA-type amyloid in species against which no anti-AA reagent is available. Cross-reactivity of protein AA varies between different species and, as shown in the case of bovine AA, cross-reactivity also varies between animals of the same species, indicating chemical heterogeneity amongst individuals that can be detected with certain cross-reactive antibodies directed against AA of a different species.* Also, one of the epitopes detected by mc 4 is evolutionally preserved, because it could be identified not only in the gazelle,' but also in the hare.
Inflammatory conditions were found in both cases. However, it is not known whether the foreign body inflammation (Case 1) or the presence of intestinal parasites (Case 2) were sufficient to explain the occurrence of amyloidosis. This question has already been addressed by a survey on marten amyloidosis.2 Results showed that all martens investigated were infected with parasites, although only a few suffered from amyloidosis. This suggests the possibility of an idiopathic amyloidosis as well. It is, however, possible that a genetic factor may be decisive in whether parasites induce amyloidosis. 
+++ +++
* Grading of reaction intensity: (+) = slightly more than background; + = definitively more than background; + + = strong reaction; + + + = Very strong reaction compared with background.
Nutz-und Raubwildes, Teil 11. Ergeb Allg Pathol34:226-8 Linke RP, Hol PR, Gruys E, Geisel 0, Nathrath WBJ, 562, 1939 Trautwein G: Immunohistochemical identification and 6 Linke RP: Monoclonal antibodies against amyloid fibril cross reactions of amyloid-A fibril protein in man and protein AA. Production, specificity, and use for immu-eleven other species. J Comp Pathol94: [339] [340] [341] [342] [343] [344] [345] [346] [347] [348] [349] [350] [351] [352] [353] [354] [355] [356] 1984 nohistochemical localization and classification of AA-type amyloidosis. J Histochem Cytochem 32: [322] [323] [324] [325] [326] [327] [328] 1984 Request reprints from Dr. Odward Geisel, Institute of Vet-7 Linke RP, Hol PR, Geisel 0: Immunohistochemical erinary Pathology, Veterinarstraoe 13, D 8000 Miinchen 22 identification of generalized AA-amyloidosis in a moun-(West Germany). tain gazelle (Guzellu guzellu). Vet Pathol 23: 63-67, 1986 Vet. Pathol. 25:393-395 (1988 Ultrastructure of Spontaneous Cardiac Calcification in DBA/2NCrj Mice S. ITAGAKI, N. MAEDA, K. DOI, AND T. MITSUOKA Spontaneous cardiac calcification occurs frequently in DBA mice. In this study, severe calcification restricted to the myocardium below the right ventricular epicardium showed a marked increase in mice between 6 and 7 weeks of age, but no histological changes were detected earlier in that l e~i o n .~,~ Recently, Van Vleet and Ferrans reported the ultrastructure of fully developed heart lesions in adult DBA/2NHsdBR mice.l0 However, subcellular changes in the early stage of development of heart lesions in DBA mice are obscure. To clarify early ultrastructural changes in myocardial cells, ten male DBN2NCrj mice at 4, 6, and 8 weeks of age, respectively, were examined. Pieces of right ventricular wall were fixed in 2.5% glutaraldehyde and 2.0% paraformaldehyde in cacodylate buffer, post-fixed in 1 .O% osmium tetroxide in the same buffer, and processed for transmission electron microscopy.
Macroscopically, white patchy lesions covering more than one-third of the epicardial surface of the right ventricle were in one, two, and seven mice at 4, 6, and 8 weeks of age, respectively.
The earliest ultrastructural changes were in mitochondria, Z-bands, and sarcoplasmic reticulum in microscopically normal myocardial cells. Increase in the number of electrondense particles in mitochondrial matrix was constant, and this often accompanied widening or streaming of Z-bands and/or dilatation of sarcoplasmic reticulum (Fig. 1) .
In advanced lesions, myocardial cells had swelling of mitochondria with broken cristae and translucent matrix. Mitochondria occasionally contained several electron-dense granular bodies (Fig. 2) or were wholly occupied by mineralized deposits (Fig. 3) . Van Vleet and Ferrans suggested that this lesion might be initiated by necrosis and subsequent dystrophic calcification of subepicardial myocytes, which resulted from accumulation of granular calcium phosphate deposits in mitochondria by calcium overloading to myocytes;I0 the preceding data confirmed their suggestion. The uptake of calcium by mitochondria might be one of the first steps toward calcification of myofibers.
In some myocardial cells showing mitochondrial degeneration, supercontraction of myofibrils and fusion of Z-bands formed contraction bands. In these myocardial cells, many degenerate mitochondria were displaced and aggregated beneath sarcolemma or between bundles of myofibrils ( Fig. 4) . Although the true cause of these features has been a controversial question among many investigators, it is now generally accepted that elevation of the intramyocytic calcium level causes hypercontraction of myofibrils, resulting in formation of contraction band^.^.^.* These features also might be suggestive of the degenerating process of myofibrils probably brought about by calcium overload to myocyte, or assumed to be a mechanical artifact.
Zebra body-like substances, present in myofibrils, consisted of dense bands and filaments attached perpendicularly to each band with a regular periodicity of about 180 nm. Most were connected to 6) . These structures have been reported in degenerative myocardial cells of KK mice as zebra body-like substance,6 in myocardial cells in Kugelberg-Welander syndrome as leptomeric fibrils,9 and in the latissimus dorsi muscle of a young thrush patient as leptomeric fibrils.' Periodicity of dense bands vanes among these structures, including the present one. The true meaning of zebra body-like substances in degenerated myocytes is, however, still obscure, and therefore, DBA/2NCrj mice as well as KK mice are thought to be useful in solving this problem.
Severely damaged myocardial cells had lysis of myofibrils and extensive mineralization of mitochondria and did not have any normal binding patterns. In myocardial cells below the epicardium of animals with grossly demonstrable calcification, many electron-dense masses of mineralized intracellular debris were seen, often surrounded by macrophages. These features in the fully developed lesion were as described by Van Vleet and Ferran5.l0 Early ultrastructural changes in DBA/2NCrj mice, except for zebra body-like substance, were compatible with general ultrastructural changes in the heart. Neither glycogen deposition in mitochondria, which is occasionally seen in diabetic
